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SPECIFICATION O ^ 

1. TITLE OF THE INVENTION ^ ^ fQ 

^ H O 

SEMICONDUCTOR DEVICE O 

O 
:£ 

2. WHAT IS CLAIMED IS: 

A semiconductor device of MOS type provided with a 
power supply voltage drop circuit, wherein the gate 
insulation film thickness of a MOS FET operated on the 
basis of a power supply voltage supplied externally is made 
thicker than the gate insulation film thickness of a MOS 
FET operated on the basis of a voltage which has been 
dropped by the power supply voltage drop circuit. 

3. DETAILED DESCRIPTION OF THE INVENTION 
[OBJECT OF THE INVENTION] 

[INDUSTRIAL APPLICABLE FIELD] 

The present invention relates to a LSI constituted by 
MOS FETs, and in particular to a semiconductor device with 



1 




a built-in power supply voltage drop circuit. 
[PRIOR ART] 

In general, in a LSI constituted by using MOS FETs, 
the gate oxidation films of all of MOS FETs are set to the 
same thickness. This is because manufacturing process of 
the LSI is simplest and all of the MOS FETs in the LSI chip 
operate at 5V. 

However, each element and each wire are made finer 
according to advance of large scale integration in recent 
years, and it has become difficult to maintain the 
reliability of the LSI operating at the above 5V when the 
design rule becomes 0.8 iim or less. This results from the 
fact that, when an element is small-sized while the power 
supply voltage is kept constant, electric field is made 
high. As a result, there occurs such a problem as hot 
carrier effect, deterioration in voltage proof of a gate 
oxidation film or the like. 

Resistance to hot carrier can be achieved in the MOS 
FET by employing a LDD structure for the MOS FET but it is 
limited in a certain range. There is no decisive means for 
overcoming deterioration in voltage proof of the gate 
oxidation film. 

In view of the above circumstances, a method for 
reducing an internal power supply voltage in a LSI has been 
proposed. In this method, the power supply voltage of 5V 
is supplied from the outside, it is dropped to 3.3V or so 
at a power supply voltage drop circuit formed in a chip, 
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and internal circuits are operated at the dropped voltage. 
However, even in such a configuration, a circuit operating 
at 5V exists in an input /output portion, so that hot 
carrier effect and deterioration in voltage proof of a gate 
oxidation film can not be avoided, 
[PROBLEM TO BE SOLVED BY THE INVENTION] 

As mentioned above, in the conventional semiconductor 
device, there is a drawback that the hod carrier effect, 
the deterioration in voltage proof of the gate oxidation 
layer or the like occurs according to advance of large 
scale integration so that the reliability of the LSI is 
lowered. As means for solving such a drawback, employment 
of a LDD structure for the MOS FET is considered. However, 
there is a limitation in such means, and the voltage proof 
of the gate oxidation film can not be prevented from 
deteriorating. In view of this circumstance, a method for 
lowering internal voltage in the LSI has been proposed. 
Even in such a structure, hot carrier effect in the 
input/output portion or deterioration in voltage proof of 
the gate oxidation film can not be avoided. 

The present invention has been achieved in view of 
the above circumstances and an object thereof is to provide 
a semiconductor device where hot carrier effect or gate 
oxidation film deterioration can securely be reduced and 
reliability can be improved even when the semiconductor 
device is made finer according to advance of large scale 
integration . 
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[STRUCTURE OF THE INVENTION] 

[MEANS FOR SOLVING PROBLEM AND OPERATION] 

That is, in the present invention, in order to 
achieve the above object, at least two kinds of gate 
oxidation films of a MOS FET are used in a LSI, and the 
gate oxidation film thickness of a MOS FET in an 
input/output circuit portion which is operated at a power 
supply voltage supplied from the outside is formed to be 
thicker than the gate oxidation film thickness of a MOS FET 
of an internal circuit which is operated at a voltage which 
has been dropped at a power supply voltage drop circuit. 

With this arrangement, since the gate oxidation film 
of the MOS FET in the input/output circuit portion is made 
thick, hot carrier effect or voltage proof deterioration of 
the gate oxidation film can be prevented. Also, since the 
voltage supplied to the internal circuit is dropped at the 
power supply voltage drop circuit, the gate oxidation film 
of the MOS FET constituting the internal circuit may be 
made thinner, and obstruction to advance of large scale 
integration and reduction in performance do not occur. 
[EMBODIMENT] 

An embodiment of the present invention will be 
explained below with reference to the drawings. FIG. 2 
shows a circuit configuration example of a semiconductor 
device provided with a power supply voltage drop circuit. 
In FIG. 2, reference numeral 11 denotes a LSI chip. Built 
in the LSI chip 11 are three circuit blocks, namely, an 
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input/output circuit portion 12 which operates at a power 
supply voltage of 5V and which performs transmission/ 
reception of data with an external device, a power supply 
voltage drop circuit 13 which drops the power supply 
voltage of 5V supplied through the input /output circuit 
portion 12 to, for example, 3.3V, and a cell and peripheral 
circuit 14 which is supplied with the voltage which has 
been dropped by the power supply voltage drop circuit 13 to 
be operated. 

FIG. 1 shows a sectional configuration of a MOS FET 
configuring the input/output circuit portion 12, and the 
cell and peripheral circuit 14 in FIG. 2. In FIG. 1, 
reference numeral 15 denotes a P type silicon substrate, 16 
denotes a N type well region applied with a voltage of 3.3V, 
17 denotes a N type well region applied with a voltage of 
5V, 18 denotes a gate oxidation film whose film thickness 
is 12 nm, 19 denotes a gate oxidation film whose film 
thickness is 20 nm, 20 and 20' denote source regions, 21 
and 21' denote drain regions, 22 denotes a gate electrode, 
and 23 denotes an oxidation film for element separation. 
As illustrated, the gate oxidation film 19 of the MOS FET 
constituting the input/output circuit portion 12 is made 
thinner than the gate oxidation film 18 of the MOS FET 
constituting the cell and peripheral circuit 14. 

Next, a method for manufacturing the semiconductor 
device structured in the above manner will be explained 
with reference to FIGS. 3 (a) to 3 (d) . As shown in 
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FIG. 3 (a), first, the N type well regions 16 and 17 are 
formed on the P type silicon substrate 15 using an ordinary 
CMOS process. Next, after the oxidation film 23 for 
element separation is formed selectively, the gate 
oxidation film 24 with thickness of 12 nm or so is formed 
on the silicon substrate 15 on the element region which has 
been separated by the oxidation film 23 for element 
separation. 

Next, the gate insulation layer 24 of the MOS FET 
constituting the cell and peripheral circuit 14 is 
selectively etched and removed, and the silicon substrate 
15 is exposed, as shown in FIG. 3 (b) . 

Thereafter, thermal oxidation is performed again so 
that the gate oxidation film 18 with film thickness of 
about 12 nm is formed on the above exposed silicon 
substrate 15 of the cell and peripheral circuit 14. At 
this time, the gate oxidation film 24 of the input /output 
circuit portion 12 grows up to the gate oxidation film 19 
with film thickness of about 20 nm, as shown in FIG. 3 (c). 

The subsequent process is similar to an ordinary CMOS 
process. That is, after the polysilicon gate 22 is formed, 
the polysilicon gate 22 is utilized as a mask to perform 
ion implantation of impurities for forming N type and P 
type selectively, thereby forming the source region 20' and 
the drain region 21' of the N channel type MOS FET, and the 
source region 20 and the drain region 21 of the P channel 
type MOS FET, respectively (refer to FIG. 3(d)). 
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According to such a manufacturing method, the gate 
oxidation film 19 of the MOS FET of the input /output 
circuit portion 12 which operates at 5V can be made thicker 
than the gate oxidation film 18 of the MOS FET which is 
operated at the voltage which has been dropped by the power 
supply voltage drop circuit 13. With such an arrangement, 
the gate oxidation film of the MOS FET constituting the 
input/output circuit portion 12 is made thick so that hot 
carrier effect or voltage proof deterioration of the gate 
oxidation film can be prevented. As a result, the 
reliability of the MOS FETs in the entire circuit 
constituting the LSI chip 11 can be improved largely. As 
the embodiment mentioned above, for example, in the case 
that the gate oxidation layer 19 of the MOS FET 
constituting the input/output circuit portion 12 has the 
thickness of 2 0 nm and the voltage of 5V is applied thereto, 
the electric field applied to the gate oxidation layer of 
the MOS FET is 2.5 MV/cm, and in the case that the gate 
oxidation layer 18 of the MOS FET constituting the cell and 
peripheral circuit 14 has the thickness of 12 nm and the 
voltage of 3.3V is applied thereto, the electric field is 
2.75 MV/cm. In the both cases, the electrical fields have 
values of 3 to 5 MV/cm or less and therefore sufficiently 
high reliability can be obtained. 

Furthermore, in the structure of the present 
invention, since 5V can be used as an interface of the LSI, 
such an effect can be obtained that the LSI can be used 
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without a TTL compatible* 
[EFFECT OF THE INVENTION] 

As mentioned above, according to the present 
invention, a semiconductor device can be obtained that, 
even when the semiconductor device is made finer according 
to advance of large scale integration, the hot carrier 
effect or the voltage proof deterioration of the gate 
oxidation layer can be reduced securely, the reliability 
can be improved. 

4 . BRIEF DESCRIPTION OF THE DRAWINGS 

FIG* 1 is a view showing a sectional configuration of 
a semiconductor device according to an embodiment of the 
present invention; FIG. 2 is a block diagram showing a 
circuit configuration of the device shown in FIG. 1; and 
FIGS. 3 (a) to 3 (d) are views for explaining a method for 
manufacturing the semiconductor device shown in FIG. 1. 

11. LSI chip, 12. input /output circuit portion, 
13. power supply voltage drop circuit, 14. cell and 
peripheral circuit, 18. gate oxidation film of MOS FET 
constituting cell and peripheral circuit, and 19. gate 
oxidation film of MOS FET constituting input/output circuit 
portion. 

Agent for Applicant: Takehiko SUZUYE Patent Attorney 
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